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SEPA Embryogenesis:

United States

oo QFChestration of  cellular complexity

EMBRYONIC CELL BEHAVIORS CONSEQUENCES OF DISRUPTION
cell growth & death incorrect cell number
differentiation & function missing cell types
cell motility & adhesion disorganization
clocks & organizers chaos and ataxia
genetic signals & responses dysregulation
ECM synthesis & remodeling loss of mechanical properties
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SEPA Systems models

x ToxCadgfTox21:HTS paradigm enables dadaven chemical
prioritization and the capacity for predictive toxicology

x Need:computational models that reconstruct the dynamics and
mechanics of diverse tissues and compiexivosystems

x Cell networks:predicting cellevel behavior is complex enough
without the emergent potential of a multicellular system

x Goal.develop and use cell agebased models to help inform
prioritization, evaluate mechanisms, and predict toxicity
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wEPA ToxCasbDevToxmodel
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: Prenatal Model F
exposure metrics [ dose response and

and QSAR reverse dosimetry
In vivo DEV endpoints (36)

[ ToxRefDB _rat ][ ToxRefDB_rabbit]

Complex culture / SMOs (179)
human 1° cell murine ES zebrafish
co-culture cells embryos
Cell-based assays (147)
cellular cellular trans-
[impedance ][ properties ][ activation ][ N ]

Biochemical HTS (292)
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EPA Prenatal models
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x general idea to mine signature$ DevToXrom ToxCastiox21 data

A find significantunivariatefeatures (single assay feature to DEV endpoint)
A build multivariatesignatures (multiple features to DEV endpoint)
A map features to known pathways, processes, phenotypes

x predictiveDevToxmodels completed witioxCasPhasel data

rat-rabbit prenatalToxRefDBSipeset al. 2011 ToxicolSci(in press)
mESdifferentiation: Chandler et al. 201 BELo3ne 6(6): e18540
angiogenesiKleinstreuert al. 2011 EnvHIth Persp(in press)
zebrafishdevelopment:Padilla et al. (submitted)
zebrafishconcordanceSipeset al. 2011, Birth Defects Res C (in pyess
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Model predicts
DevToxn rats
with >70% BA

Rabbit

106

Model predicts predict
DevTox in rabbits
with >70% BA

Train BA: 0.71 £ 0.01 Train BA: 0.75 £ 0.02
Test BA: 0.70 £ 0.09 Test BA: 0.71£0.03
Rat Feature Individual Assay Weight | p-value Rabbit
_——__ATG_RARa_TRANS e~ | Feature Individual Assay Weight | p-value
RAR |ATG_RARb_TRANS 058 (837E-02) BSK_3C_MCP1
NVS_NR_hRAR_Antagonist S BSK_SM3C_MCP1_up
NVS_GPCR_hPY2 £| ccL2 [BSK SAg MCP1_up 1.15 | 1.5E-06
NVS_GPCR_hOpiate_mu & BSK_LPS_MCP1_up
GPCR |\ VS GPCR_hORL1 055 |800E-3) & BSK KF3CT MCP1_up
NVS_GPCR_hM1 ¢ BSK_BEJC_IL1a_up
ATG_TGFb_CIS Z|® w  [BSK_LPS iLla_up 039 |39E-03
= >|® TOFB  |BoKk BEIC TGFb1_down il bcsertond & BSK_LPS_IL8_up
$ MT___|CLM_MicrotubuleCSK_Destabilizer 24he | 030 |174E-02§ 2| oy |CLZD CYP1A1 24 024 |a8E0s
z SENs cyp | CLZD_CYP1A1 48 026 |5.10e.03 1> NVS_ADME_(CYP2A2 ' <
2 - CLZD_CYP2B6 48 : ' » loToFp |BSK_BE3C TGFb1 up 028 |10e01
0w AP1__[ATG AP 1 CIS 024 |170E-01) X BSK_BEJC_TGFb1_down . v
£ | SLCO1B1 [CLZD SLCO1B1 48 0.1 [120602) 5 | yesc |MESC_CellCount ACS0 Down | o+ |4 ae 00
k- NVS_ADME_CYP2A2
3E o | 006 322603 | ¥ ey AT S CEIREN
= -mr'wup 038 |213E02] o [SPGE2_|BSK LPS_PGEZ down 20.15 |2.4E-02
= ATG_PXR_TRANS 2
% PXR  |\cGC PXR Agonist human -0.24 |2.06E-01 3 4
BSK_LPS_IL8_down =) et .
>{® K8 oo Sh iLs down 023 |136601| F Positive predictors
~>| % PGE2 |BSK_LPS_PGE2 down -0.18 |4.25€-02 |
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SOURCE: Sipes et al. 2011 Toxicol Sci (in press)

Negative predictors



SEPA Prioritization

Agency
Rat GPCR.pos Rabbit CCL2.pos
—_— TGFb.pos —_
RAR.pos
MT.pos
SENS_CYP. pos PGE2.neg IL.pos PGE2.neg
AP1.po P)'("-f .neg o SULT2A1.neg
SLCO1B1 neg poe MESC.pos

pos HLA-DR.neg TGFb.pos

" Chiorothalonil
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SEPA Features mapped by GProcess
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univariate DevTox features
multivariate DevTox features

l?at_ - Rabbit
— ,._‘ —— —— '-"‘
=52 )
h| |
¢ 1.‘,@ ! - QJ
Univariate Model (targets)
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ToxRefDB_prenatal

HTS detected pathway

RAR.pos

PGE2.neg
IL8.neg

: : PXR.neg
CYP.pos HLA-DR.neg

ABCG2 assay(2)
» ABCB1.assay(1)

" 8 GSTA2 assay(1)

AP1 .aséay( 1)

Mtf2 assay(1) Mitochondrial Stress

CRE.assay(1) NFKkB.assay(1)
p53.assay(2) H2AX.assay(2)

PGE2.neg
SULT2A1.neg

Office of Research and Development
National Center for Computational Toxicology

angiogenesis

CXCL10_up

PAI1
VEGFF}_li 'down

y —
PAR CCL2_down
u ’ \v & >

MES@rowth & differentiation
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“EPA Angiogenesis & Vascular disruption
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Release of
Extracellular - growth factors (GF)
matrixs : & chemokines
/ Plasmin
uPAR  CXCL10 up ‘
: 1 $OKELI0
- ' = r“("wﬂ?ﬁ;ﬁ
PAI-1 CCL2_down i 8‘5. NAHHIY
' 1—1
VEGFRII_down Tie2
- SRC/
FAX
‘ AKT
“ “ - . l l )
:’ R, Migration GF mediated cedl Permeability
P— — survivalmotility
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SEPA Cellagentbased models

User Interface

Visualization, Steering,

Python Interpreter
Biologo Code Generator

CompuCell3D.org

( geneticsignals ]_

Plugins
Calculate change
in energy

PDE Solvers

Lattice monitoring

A stochastic cellular behaviors

A specified cellular activities

A PDE solvers for biochemical gradients
A toolbox of morphogenetic processes
A executes collective cell behavior

A enables emergent properties

- Office of Research and Development
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Simple CC3D model

macrophage navigating RBCs
toward a microbial pathogen

Office of Research and Development
National Center for Computational Toxicology

simple CompuCell3D model

SOURCE: M Rountree, NCCT
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wEPA Angiogenesis Is more complex
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Molecular
Signal Expression Chemotaxis Proliferation

Proteases
- VEGF121
FIt1 (VEGFR1)
CCL2
CXCL10
Angl
Tie2
uPAR
KDR (VEGFR2)

Bl Endothelial Stalk (ECs) [ Mural Cell (MC)
Bl Endothelial Tip (ECt) 1 /nflammatory Cell (IC)

- Office of Research and Development 14
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Angiogenetidield at time=0

Offi fR h and Devel t “lai i i
- Natli?)(relffl Ceenstgrafrgr CaC)nmpufa\/tﬁjggln'}ir;icology SOURCE(IeInStreuemt al' (In preparatlon)
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<EPA Normal phenotype
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A B

In situ

Vascular tree, day
quail embryo (A,B)

[Herreroand Kohn (2009) RAS]

CC3D Simulation

Results (C,D)

In silico

] Endothelial Stalk
| | Endothelial Tip
| Mural Cell

- Inflammatory Cell

VEGF
gradient

- Office of Research and Development 17
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_] Endothelial Stalk_
_| Endothelial Tip
of Mural Cell
81 inflammatory Cell

Emergence

TimeA

In silico

confocal z-stack

- Office of Research and Development
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[Fentin et al. (2010) Blood]

Emergence

(bridging)

In vitro
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SEPA TEST CAShalidomide and 5HR83
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SEPA TEST CAShalidomide and 5HR83
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control Thalidomide 5HPP33

In vitro

SOURCE: Noguchi et al
2005,BioorgMed Chem
Lett. 15 :550913.

(experimental, 100 uM)

In silico
SOURCKIeinstreueret
al. 2011, in preparation

(ToxCastDB40 uM)

guantitative prediction
emergent from ToxCas
HTS data input (AC50s
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<EPA Integration (in progress)
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Chick Iimb +CPS49 Virtual limb PCD in AER

w N

Thalidomide induces limb defects by preventing Rountreeet al., 2011
angiogenic outgrowth during early limb formation (in preparation)

Christina Therapontos=t, Lynda Erskine®, Erin R. Gardner<, Wiillam D. Figg®, and Nell Vargesson=b.!

Therapontoset al. PNAS 106: 858578, 2009
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<EPA Application to ToxCast
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control
endothelial connectivity (plexus),-tregree

(branching), vessel uniformity (width), sprouting

weakened mural adhesion to nascent vessels
alteredendothelial growth angpreading behavior
lack of sprouting due to Flt1 inhibition

endothelial hyperplasia with decreased cell
migration andpolarization possibly due to
IncreaseduPAR; enhances ECM locking

little to no vessel formation
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Virtual mixture

B70.1428571

Control

Total Cell Number

B Average (multiple simulations)

6975714286

677.1428571

620.7142857

PFOS

Mixture
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